CIHM 
Microfiche 
Series 
({Monographs) 


ICMH 

Collection  de 
microfiches 
(monographles) 


Canadian  Instituta  for  Hiatorical  Microraproductions  /  InatHut  Canadian  da  nWeroraproduetiona  Mttoriquaa 


' 


Technical  and  Bibliographic  Notas/Notaa  tachniquaa  at  bibliographiquas 


Tha  Inatituta  haa  anamptad  to  obtain  tha  baat 
original  copy  availabia  for  filming.  Faaturaa  of  thia 
copy  which  may  ba  bibliographically  uniqua, 
which  may  altar  any  of  tha  imagaa  in  tha 
reproduction,  or  which  may  significantly  ehanga 
tha  uaual  mathod  of  filming,  ara  ehackad  balow. 


0Colourad  covara/ 
Couvartura  da  coulaur 


r~n    Covars  damagad/ 


D 


Couvartura  andommagM 


Covara  rastorad  and/or  laminatad/ 
Couvartura  raataurAa  at/ou  palliculAa 


I 1    Cover  title  missing/ 


a 


D 


D 


0 


La  titre  da  couverture  manque 


Colour  id  mapa/ 

Cartas  gAographiquaa  en  coulaur 


Coloured  ink  (i.e.  other  than  blue  or  black)/ 
Encra  da  coulaur  (i.e.  autre  que  bleue  ou  noire) 


□    Coloured  plataa  and/or  illuatrations/ 
Planchaa  at/ou  illuatrationa  an  coulaur 

0    Bound  with  other  material/ 
Reli*  avac  d'autrea  documents 


Tight  binding  may  cauae  shadows  or  distortion 
along  interior  margin/ 

La  re  liure  serree  peut  cauaar  da  I'ombre  ou  de  la 
diatorsion  la  long  da  la  marga  intiriaura 

Blank  leaves  added  during  restoration  may 
appear  within  the  text.  Whenever  possible,  these 
have  been  omitted  from  filming/ 
11  se  peut  que  eertainaa  pages  blanches  ajoutias 
lors  d'une  restauration  apparaissant  dana  la  texte. 
mais,  lorsque  cela  Atait  possible,  cea  pagaa  n'ont 
pas  *ti  filmAas. 


L'Institut  a  microfilm*  la  mailleur  exemplaire 
qu'il  lui  a  it*  possible  de  se  procurer.  Les  ditails 
da  cat  exemplaire  qui  sont  paut-*tre  uniquea  du 
point  da  vue  bibliographique,  qui  peuvent  modifier 
una  image  reproduite,  ou  qui  peuvent  exiger  une 
modification  dans  la  mAthoda  normala  de  filmage 
sent  indiquis  ci-dessous. 


□   Coloured  pages/ 
Pagaa  da  coulaur 

0    Pagaa  damaged/ 
Pagaa  andommagAas 

□    Pages  restored  and/or  laminated/ 
P',r':'6  :  atauriea  at/ou  palliculies 

ry\         ^*;o  >.,•  .coloured,  stained  or  foxed/ 
UlJ    .  ^>.'  w  uitcaiories,  tachaties  ou  piquAea 


□    Pa'  ,'j.  ^atached/ 
Pages 


Pages  dAtachees 

Showthroughy 
Transparence 

Quality  of  prin 

Quaiit*  inigala  da  I'impression 

Includes  supplementary  matarii 
Comprend  du  materiel  supplimantaira 

Only  edition  available/ 
Seuie  Edition  disponible 


[~~|  Showthrough/ 

r~n  Quality  of  print  varies/ 

r~~l  Includes  supplementary  material/ 

|~~1  Only  edition  available/ 


D 


Pages  wholly  or  partially  obscured  by  errata 
slips,  tissues,  etc..  have  been  rafilmed  to 
ensure  the  best  possible  image/ 
Les  pages  totalement  ou  partiellement 
obscurcies  par  un  feuillet  d 'errata,  une  pclura. 
etc..  cnt  *t*  filmies  *  nouveau  de  facon  A 
obtenir  la  meilleure  image  possible. 


Additional  comments:/ 
Commentaires  supplimentaires; 


Pagination  is  as  follows:   p.    [693] -705. 

La  pagination  est  conune  suit:   p.    [693] -705. 


This  item  is  filmed  at  the  reduction  ratio  checked  below/ 

Ce  document  est  film*  au  taux  de  r*duction  indiqu*  ci-dassoua. 


10X 

14X 

18X 

22X 

26X 

30X 

^ 

32X 


12X 


1IX 


ax 


24X 


28X 


TiM  copy  filmad  har*  hat  b««n  reproduced  thanks 
to  tha  ganaroaltv  of: 


L'axamplaira  film*  fut  raproduit  grioa  A  la 
g«n«roaH«  da: 


Uni varsity  of  Toronto  Archivas 


University  of  Toronto  Archives 


The  imagiM  appearing  hare  are  tha  beat  quality 
posaibia  considering  the  condition  and  legibility 
of  the  original  copy  and  in  Icaeping  with  the 
filming  contract  specifications. 


Original  copies  in  printed  paper  covers  are  filmed 
beginning  with  the  front  cover  and  ending  on 
the  lest  pege  with  e  printed  or  iilustrcted  impres- 
sion, or  the  bacic  cover  when  eppropriate.  All 
other  originei  copies  are  filmed  beginning  on  the 
first  page  with  a  printed  or  illustrsted  impres- 
sion, and  ending  on  the  last  page  with  a  printed 
or  illustrated  impression. 


The  lest  recorded  frame  on  each  microfiche 
shall  contain  tha  symbol  — ^>  (meaning  "CON- 
TINUED"), or  the  symbol  ▼  (meaning  "END"), 
whichever  applies. 

IMaps.  plates,  cherts,  ntc,  may  be  filmed  at 
different  reduction  ratios.  Those  too  large  to  be 
entirely  Included  in  one  exposure  are  filmed 
beginning  In  the  upper  left  hend  corner,  left  to 
right  and  top  to  bottom,  as  many  frames  ds 
required.  The  following  diagrams  illustrate  the 
method: 


Lea  Imagea  suhrantes  ont  «t«  raproduitea  avac  la 
plus  grand  soin,  compta  tenu  de  la  condition  at 
de  le  nettet*  de  I'exemplaire  film*,  et  en 
conformity  avac  las  conditions  du  contrat  de 
filmage. 

Lee  exemplairas  origineux  dont  le  couverture  en 
pepier  est  ImprimAe  sent  film«s  en  commencant 
par  la  premier  plat  at  en  terminent  soit  par  la 
darnlAre  page  qui  comporte  une  empreinte 
d'impreasion  ou  d'iliustration,  soit  par  la  second 
plat,  salon  le  cas.  Tous  las  autres  exemplairas 
originaux  sent  filmte  en  commen^ant  par  la 
premiire  page  qui  comporte  une  empreinte 
d'impreaaion  ou  d'iliustration  at  en 'terminent  par 
la  derni*re  page  qui  comporte  une  telle 
empreinte. 

Un  des  symboies  suhrants  apperaltra  sur  la 
damMre  imege  de  cheque  microfiche,  selon  le 
cas:  ia  symboie  -^>  signifie  "A  8UIVRE",  le 
symbols  ▼  signifie  "FIN". 

Les  certes,  planches,  tsbleaux,  etc.,  peuvent  *tre 
fllmte  A  des  tsux  de  rMuction  diffArents. 
Lorsque  le  document  est  trop  grand  pour  Atra 
raproduit  an  un  seul  clich«,  II  est  film*  A  partir 
de  I'angle  supArieur  geuche,  de  gauche  *  droite, 
et  de  heut  en  bes,  en  prenant  la  nombre 
d'images  ntcessaira.  'Les  diagrammes  suivants 
iiiustrant  le  mAthode. 


1  2  3 


1 

2 

3 

4 

5 

6 

««CMearr  mwwtiow  nn  chmr 

(ANSI  and  BO  TCST  CHART  No.  2) 


1.0 


1.1 


Itt  Ui    |Z2 


1.25  1 1.4 


!>■  U^ 


A 


y^PPUED  hMOE    Ine 

inj  E«l  IWi  SbM( 

Roctaalv,  Nnr  IMi       I4«M      us* 

(Tl«  01-0300 -FIMIW 

(7t«  M  -  MM  -  rat 


UNIVERSITY   OF   TORONTO 
STUDIES 

PAPERS  FROM  THE  CHEMICAL 
LABORATORIES 


! 


No.  82:  THE  HYDRATES   AND   ACID   SALTS  OF  FERROUS 
Sl'LPHATE,  BV  Frank  B.  Khnrick 

(Reprinted  frum  thf  Journal  or  Physical  Chimistrv,  Vol.  XII) 


THE  UNIVERSITY  LIBRARY:   PUBLISHED  BY 
THE  LIBRARIAN,  1909 


Tflnivcreit^  of  (Toronto  Studies 

COMMITTEE  OF  MANAGEMENT 


Chairman:  Robert  Alexander  Falconer,  m.a.,  Kitt.D    . 

President  of  the  I'l   v 

Professor  W.  J.  Alexander.  Ph.D. 

Professor  W.  H.  Ellis,  M.A.,  M.B. 

Professor  A.  Kirschmann,  Ph.D. 

Professor  J.J.  Mackenzie,  B.A. 

Professor  R.  Ramsay  Wright,  M.A.,  B.Sc,  LL.D. 

Professor  George  M.  Wrong,  M.A. 

General  Editor:  H.  H.  Langton,  M.A. 

Librarian  of  the  University 


TIIK    HYDRATES    AND    ACID    SALTS   OF    FERROUS 

SULPHATE  c-^KiJUB 

FRANK   B.   KBNRICK 

A  large  number  of  ferrous  sulphates  have  been  described 
by  vanous  authors.     The  following  are  mentioneTwhT^^ 
cnces,  by  Dammer.'     FcSO  7H  O    P^^in  .u  r»    V- o^ 
FeSO^H.O.  FeSO.,H.O.  fXa  F  iS'^FeS)  H^'tZ' 
PeSO,5H.SO,5H.O  and   FeS,d, '  Manr^f  th^  '^f  "£' 

SrltlTnr  ,T''-^"'P''"^  «"^  °'  ~"^-^  -■ 
central  on.  and  as  th«  ,s  extremely  difficult  to  separat    from 

the  sohd  substance  and  as  the  analyses  were  X     nZ 

after  drymg  either  by  a  current  of  air  fjere.nin T SO  H  O 

^^  fB?''"^''*'"'^^'  °^  °^^^  concentrate  s^^ 
acd  (Bolas,  "Ferrous  anhydro-sulphate,  '  FeS,0  )•  it^ 
quite  probable  that  the  formulae  given  by  hS  ;uL 
do  not  m  all  ca.es  represent  the  true  comUitfon  ^f  th" 

rPesJ^^S^r^"'^'*"'** .  ""^''•^""'^     ^'""^^     sulphate 
(FeSOjH  O)    was   muted    with    sulphuric   acid   of   viZ! 

concentrations   in   glass    stoppered    bottles   and   sLk^^ 

room  temperature  in  a  mechanical  shaker  untU  the  c^mpl 

sition  of  the  liquid  became  constant.    Glass  marbled X 

added  to  each  bottle  to  aid  the  stirring.     To  p^veT^SatTr 

which  in  the  longer  experiments  w's  found'  L  2  qi^fte  "' 

preciable  the  free  spaces  in  the  bottles  were  filled  wSh  nitr^ 

gen  by  blowing  m  a  rapid  stream  of  this  gas  before  Lserttag 

the   vaselined   stoppers.     The   nitrogen   was   prepared   frlrj 

ammonium   chlonde.   sodium   nitrite  and  potLiL   bich^ 

I  Htandbuch  aaonr  Chemie.  III.  3,9.  330.  337  (,«,  j. 
•  Ber.  chem.  Gta.  Berlin,  ax,  R.  590  (1888} 
•Jour.  Chem.  Soc.,  37,  21a  (1874). 
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mate,  washetl  by  ferrous  sulphate  and  soda  lye,  and  kept 
in  a  gas-holder  over  weak  lye. 

After  equilibrium  w;is  established  and  the  bottles  had 
stood  upriRht  for  a  day  or  so,  the  solid,  which  slowly  settled 
to  the  bottom  as  a  paste,  was  sucked  up  into  a  centrifuge 
tube.  This  was  a  cylindrical  glass  tube,  temporarily  closed 
at  both  ends  by  rubber  stoppers  carrying  tubes  of  small 
bore.  Immediotely  the  tube  was  full,  the  temporary  stop- 
pers were  replaced  by  rubber  plugs  faced  with  platinum 
discs.  After  centrifuging  for  20  minutes,  the  plug  at  the 
upper  end  was  removed,  the  liquid  poured  quickly  into  a 
weighing  bottle  and  the  plug  immediately  replaced.  The 
other  plug  was  next  taken  out,  and  the  first  plug  pushed 
through  the  cylinder  thus  forcing  out  the  cake  of  paste  which 
was  caught  in  the  weighing  bottle.  In  this  way  the  contents 
of  the  centrifuge  were  transferred  to  the  weighing  bottles 
without  more  than  a  couple  of  seconds'  exposure  to  the 
moisture  of  the  atmosphere. 

Determination  oj  Composition  of  the  Solid  Phase. — Two 
methods  were  adopted  for  ascertainiiig  the  composition  of 
the  solid  phases.  Each  alone  is  insufficiently  accurate  to 
settle  definitely  the  composition,  but  together  they  afford 
a  solution  of  the  problem. 

The  first  method  consisted  in  analysing  liquid  and  wet 
solid  over  a  range  of  varying  composition  of  the  liquid  phase 
and  obtaining  the  composition  of  the  dry  solid  graphically 
from  pairs  of  such  analyses.  Unfortunately,  the  difficulty 
of  separating  the  liquid  from  the  solid  and  the  small  range 
of  concentration  of  liquid  possible  in  some  of  the  cases  in- 
vestigated combine  to  magnify  enormously  the  effect  of 
experimental  error  on  the  composition  of  the  solid.  For 
example,  in  the  case  of  the  compound  2Fe03SO,2H,0,' 
taking  the  most  favorable  possible  pair  of  analyses,  an  error 
of  0.1  percent  in  the  determination  of  the  SO,  in  one  of  the 

'  With  tb''^  substance,  the  paste  always  contained  from  65-75  percent 
of  liquid  phase  a.  .er  centrifuging.  Even  after  leaving  it  on  a  porous  plate  in 
an  exsiccator  over  the  mother-liquor  as  much  as  60  percent  remained. 
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pastes,  would  cause  an  error  of  about  6  |K>rct'nt  in  the  ratio 
of  H,0  to  SO,  in  lie  dr>  solid.  By  the  ordinary  gravimetric 
method  of  determining  Sf),  in  the  presence  of  iron  it  was 
not  found  possible  to  obtuin  results  sufficiently  accurate  for 
the  purpose,  but  a  n-ethod  based  on  specific  gravity  detern-' 
nations,  described  IkIow,  proved  quite  satisfactory.  U>u- 
plicates  agreed  corsistently  to  o.i  jKrcent.) 

The  second  method  adopted,  consisted  in  adding  to 
th-  mixture  a  '  ♦ell-tale"  substance  which  dissolved  i  the 
liq^  1  without  e  .  ing  into  the  composition  of  the  solid  phasi-, 
and  detcfu.ining  e  quantity  of  the  liquid  in  the  wet  solid 
from  the  am  -unt  of  the  tell-tale  found.  For  this  purpose, 
ammoniu-i.  sulphate  was  used.  It  was  hoped  that  by  using 
^"ifTcrent  >1' tales  in  duplicate  experiments  their  non-par- 
.'cipation  in  the  solid  could  be  proved  from  the  identity  of 
the  composition  calculated  for  the  solid  phase,  but  a  satis- 
factory second  tell-tale  substance  was  not  found.  However, 
by  adding  the  ammonium  sulphate  in  small  quantities  after 
equilibrium  was  established  the  chance  of  its  forming  st'.id 
solutions  was  minimized.  The  far  greater  analytical  errors 
of  this  method  are  partly  compensated  for  by  their  much 
smaller  effect  on  the  result.  For  example,  taking,  as  be- 
fore, the  case  of  2Fe03SO,2H,0,  an  error  of  o.i  percent 
in  the  SO,  in  the  wet  solid  would  cause  an  error  of  only  about 
1.5  per.ent  in  the  ratio  of  H,0  to  SO,  in  the  dry  solid.  On 
the  ratio  of  FeO  to  SO,,  both  of  which  were  determined 
directly,  the  effect  of  the  error  is  much  smaller,  and  the  method 
serves  to  give  this  ratio  with  a  fair  degree  of  accuracy. 

Composition  by  Specific  Gravity  Method. — Stock  solu- 
tions of  sulphuric  acid  and  of  ferrous  sulphate  were  prepared 
and  carefully  analyzed — the  former  gravimetrically  and  the 
latter  by  permanganate.  With  these,  a  number  of  solutions 
were  made  up,  all  containing  0.000499  formula  weights 
FeO  ptr  tram  but  varying  quantities  of  SO,.  The  specific 
gravity  of  these  was  found  at  25.0°  in  a  20  cc  pyknometer. 
The  results  are  expressed  by  the  interpolation  formula : 

y  —  41.07  -f  1.2643*  —  0.001865  a.-"  +  0.000004257  x». 
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where  y  =  grams  of  SO,  per  kilo  of  solution  and  x  -=  (sp. 
gr.  X  1000)  —  1080.  The  specific  gravity  is  compared  with 
water  at  25"  and  uncorrected.  In  making  the  analyses 
of  the  wet  solids,  a  weighed  quantity  of  water,  sufficient  to 
effect  solution,  was  added  to  the  substance  and  the  FeO 
determined  in  a  portion  of  this  liquid  by  n/io  permanganate. 
Enough  water  was  then  added  to  reduce  the  concentration 
of  the  iron  to  that  to  which  the  interpolation  formula  applied, 
and  finally  the  specific  gravity  of  the  solution  taken.  The 
SO,  in  the  wet  solid  was  calculated  from  the  formula,  the 
FeO  from  the  permanganate  reading,  and  the  water  by 
difference. 

The  liquid  phases,  except  those  in  equilibrium  with 
tetra-  and  heptahydrates,  contained  only  traces  of  iron. 
In  these  it  was  found  that  the  SO,  could  be  determined  quite 
accurately  with  n/5  potassium  hydroxide.  The  small  quantity 
of  iron  was  precipitated  and  oxidized  to  ferric  hydroxide; 
directly,  excess  of  alkali  was  added  and  had  no  effect  on  the 
end-point.  The  results  of  the  analyses  are  given  in  the 
following  table. 

Table  I* 


i 


Comp.  of  wet 
Comp.  of  liquid,  aolid.   To  total 
Receipt  -foiSO,         of  1  formula   ; 

;  weight 


Solid  phaae 


I  Residue' 

!  370  cc  acid* 

:  1 20  cc  fuming  add 

Residue 
I  450  cc  acid 


I. 122    H,0 
0.0002  FeO 


1.226    H,0 
0.0004  FeO 


0.0494  FeO 
0.4835  SO, 
0.4671  H,0 

0.0428  FeO 
0.4695  SO, 
0.4877  H,0 


■| 


Fe04SO»3H,0 


Fe04SO,3H,0 


•  In  Experiments  1-4  another  interpolation  formula  was  used  corre- 
sponding to  a  smaller  concentration  of  FeO.  In  Exps.  30-22  the  SO,  was 
determined  directly  as  barium  sulphate. 

'  By  "residue"  is  meant  the  wet  solid  made  by  shaking  40  grams  ferrous 
sulphate  heptohydrate  with  470  cc  concentrated  sulphuric  add  and  pouring  off 

the  liquid. 

»  By  "add"  te  meant  chemically  pure  sulphuric  add,  specific  gravity  1.84. 


! 
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Tablb  I— {Continued) 


Receipt 


!  {  Comp.  of  wet 

Cotnp.  of  liquid.  <  solid.   To  total 
To  I  SO,        '    of  I  formula 
weight 


Solid  ptaaie 


10 


20  gram  salt' 
460  cc  acid 

I-Jentical  with 
No  2  +  15  cc 
wr> '  'r 

4^.  ^    tn  salt 
400  cc  acid 

20  gram  salt 
200  cc  acid 


30  gram  salt 
200  cc  acid 


45  gram  salt 
200  cc  acid 


55  gram  salt 
2cx>  cc  acid 


60  grams  salt 
200  cc  acid 


1 1 !  85  grams  salt 
I  200  cc  acid 


12  j  100  grams  salt 
200  cc  add 


90  grams  salt 
150  cc  acid 


1.275    H,0    o. 

o.cxx)5  FeO    o 

o. 

1.342    H,0    o 
?        FeO    o 

I  ° 
1.382    H,0  I  o 
?        FeO  :  o 
o 


1 .  407    H,0 
0.0008  FeO 


1.456    H,0 
0.0009  FcO 


I  595    H,0 
0.0013  FeO 


1.637    H,0 
0.0014  F*o 


1.697    H,0    o 
0.0014  FeO    o 

o 

i 

1.822    H,0  '  o 


o.ooii  FeO 


I  951    H,0 
o.ooio  FeO 


2 .  209    H,0 
0.001 I  FeO 


0497  FeO 
4632  SO, 
4871  H,0 

0434  FeO 

4391  SO, 

5175  H,0 

0737  FeO 
4676  SO, 
4587  H,0 

1120  FeO 
4550  SO, 
4330  H,0 

1153  FeO 
4482  SO, 
4365  H,0 

1 191  FeO 

4372  SO, 

4437  H,0 

0690  FeO 
3902  SO, 
5408  H,0 

0634  FeO 
3866  SO, 
5500  H,0 

0632  FeO 
.3678  SO, 
.5690  H,0 

.0636  FeO 

3591  SO, 

■5773  H,0 

0853  FeO 
.3442  SO, 
5705  H,0 


Fe04SO,3H,0 

Fe02S0,H,0 

Fe04SO,3H,0 
probably  in  un- 
stable equilib. 

Fe02S0,H,0 

Fe02S0,H,0 

Fe02S0,H,0 

2Fe03SO,2H,0 

2Fe03SO,2H,0 

2Fe03SO,2H,0 

2Fe03SO,2H,0 

2Fe03SO,2H,0 


'  By  "salt"  is  meant  recrystalliced  ferrous  sulphate  heptahydrate. 
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Receipt 


1 12.5  grams  salt 
ISO  cc  acid 

75  grams  salt 
150  cc  acid 
26  cc  water 

75  grams  salt 
I  150  cc  acid 
;  41  cc  water 

17  60  grams  salt 
,  120  cc  acid 

'  56  cc  water 

18  60  grams  salt 
120  cc  acid 

i  80  cc  water 

19  80  grams  salt 
100  cc  acid 
100  cc  water 

20  28  grams  salt 

7  cc  acid 
j    X5  cc  water 


21 


33 


38  grams  salt 
7  cc  acid 
15  cc  water 


28  grams  salt 
3  cc  acid 
20  cc  water 


;Comp.  of  liquid. 
To  I  SO, 


2.186    H,0 
o.ooii  FeO 


2.385    H,0 
0.0006  FeO 


Comp.ofwet 

solid.    To  total 

of  I  formula 

weight 


Solid  phase 


o.  1770  FeO  I  Two  phases: 
0.3462  SO,     2Fe03SO,2H,0 
0.4768  H,0  i  FeOSO,H,0 

o.  1496  FeO  I 

0.3134  SO,     FeOSO,H,0 

0.5370  H,0 


2.685    H,0    0.1718  FeO 

0.0004  F*0    0.3016  SO, 

I  0.5266  H,0 

3.200    H,0    0.1366  FeO 

0.0005  FeO    0.2750  SO, 

i  0.5884  H,0 

3.921    H,0  I  0.1285  FeO 

0.0006  FeO  I  0.2531  SO, 

0.6184  H,0 


107 
0021 


93 
106 


H,0 
FeO 


H,0 
FeO 


FeOSO,H,0 


FeOSO,H,0 


FeOSOjHjO 


8.97 
0.142 


15.0 
0.287 


H,0 

FeO 


FeO 


0.1119  FeO  1 
0.2210  SO,  i 

0  6671  H,0  I 

0.197    F«C)  I 
0.236    SO, 
0.567    H,0 
blue  crys- 
tals dried 

1  FeO 
1. 001  SO, 
6.974    H,0 

Dried  crys-   ! 

tals 

I  FeO  ! 

1.004 

415 


FeOSO,H,0 


Two  phases: 
FeOSO,H,0 
FeOSO,7H,0 


SO, 
H,0 

Dried  crys- 
tals 
i  I  FeO 

I  0.999   SO, 
17"    H,0 


FeOSO,4H,0 


FeOSO,7H,0 
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Explanation  0}  Table  I. — The  numbcs  in  the  first  column 
correspond  with  the  numbers  in  the  triangular  diagram 
(See  Figure)  in  which  each  comer  represents  one  formula 
weight  of  the  substance  marked. 

The  second  column  contains  the  receipts  by  which  the 
mixtures  were  made  up  (See  foot-notes). 

In  the  third  column,  the  composition  of  the  liquid  phase 
is  given  in  formula  wei,';hts  of  HjO  and  FeO  to  one  SO,. 

Column  four  shows  the  coiuposition  of  wet  solid  in  formula 
weights  of  each  constituent  to  a  total  of  one  formula  weight 
(except  in  the  case  of  the  dried  crystals,  Exps.  20-22). 

The  last  colunm  shows  the  most  probable  formula  of 
the  solid  phase. 

Discussion  oj  Results. — The  lines  for  Exps.  i,  2,  3  and 
5  meet  very  nearly  in  the  point  corresponding  to  the  com- 
pound Fe04SO,3H,0  (See  Figure),  and  this  formula  is  defi- 
nitely confirmed  by  Exp.  23  of  the  next  section  (See  Table  II). 

In  Exps.  4,  6,  7  and  8,  the  lines  converge  in  the  direction 
of  the  point  corresponding  to  Fe02SO,H,0,  but  the  angle 
made  by  the  lines  is  so  small  that  the  compounds  4Fe06SO,HjO 
or  even  the  anhydrous  3Fe04SO,  (marked  with  crosses  on 
the  diagram)  might  also  be  said  to  represent  the  point  of 
convergence.  Exps.  24,  25  and  26  of  the  next  section,  fix 
the  ratio  of  FeO  to  SO,  as  Fe02S03;  hence  the  formula 
Fe02S0,H,0  represents  the  composition  of  the  solid.  The 
result  of  Exp.  4  is  doubtful.  The  solid  phase  in  the  bottle 
was  undoubtedly  identical  with  that  in  Exps.  1,  2  and  3, 
both  in  texture  of  the  paste  and  in  microscopic  appearance. 
The  position  of  the  points  can  only  be  accounted  for  by  the 
assumption  that  the  solid  was  in  unstable  equilibrium  and 
changed  in  the  centrifuge  to  the  Fe02SO,HjO. 

In  Exps.  9,  10,  II,  12  and  14  the  meeting  point  of  the 
lines  is  not  well-marked,  probably  owing  to  the  large  portion 
of  liquid  in  the  pastes  analyzed,  but  the  irregularity  of  the 
directions  does  not  warrant  the  assumption  of  a  solid  solution. 
The  points  corresponding  to  the  formulae  FeOSO  ,  3FeO 
4SO,2H,0,    2Fe03S(.32H,0,   3Fe05vSO,4H,0,   Fe02i-    ,2H,0, 
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etc.,  in  which  the  ratio  of  FeO  to  SO,  increases  from  i :  i 
to  1:2,  all  lie  in  the  general  direction  of  the  lines.  Exps. 
27  to  30,  below,  point  to  the  ratio  2FeO:3SO,  (possibly 
3FeO:5SO,)  as  the  most  probable,  correspondmg  with  the 
formula  2Fe03SO,2H,0  (possibly  3Fe05SO»4H,0). 

FeO 


r 


ii'i^iiwVitWi'iimifka  na  it  ">° 


Fig.  I 

In  Exp.  13,  two  solid  phases  were  distinctly  seen  under 
the  microscope. 

Exps.  15  to  20  leave  little  doubt  that  the  corresponding 
solid  phase  in  these  cases  is  FeOSO,H,0.  This  formula  is 
confirmed  by  Exp.  31,  below. 

In  Exp.  20,  the  solid  consisted  of  two  phases,  one,  blue 
and  the  other  white.  The  blue  crystals  were  picked  out, 
dried  v.ith  filter  paper,  and  found  to  be  heptahydrate  (in 
unstable  equilibrium).  The  white  paste  was  analyzed  and 
gave  the  point  in  the  diagram  on  the  line  drawn  towards 
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FeOSOjHjO.  On  another  occasion,  the  same  mixture  gave 
the  result  shown  in  Exp.  21,  namely,  the  tetrahydrate.  A 
detailed  investigation  of  the  salts  in  equilibrium  with  these 
weaker  acids  was  not  made. 

Composition  by  Ammonium  Sidphate  Method. — In  these 
experiments,  FeO,  SO,,  (NH^),0  and  H,0  were  determined 
in  both  liquid  and  wet  s'jlid.  The  iron  was  determined 
by  permanganate,  the  sulphuric  acid  as  barium  sulphate 
after  removing  the  iron  by  precipitating  twice  with  ammonia, 
and  the  small  amount  of  ammonium  by  distilling  with  excess 
of  lye  and  titrating  the  distillate.  The  water  was  determined 
by  difference.  The  ratio  of  ammonium  in  liquid  and  wet 
solid,  which  unfortunately  could  not  be  determined  very 
accurately,  gave  the  amotmt  of  liquid  in  the  wet  solid.  The 
results  calculated  for  the  dry  solids  are  given  in  the  following 
table.  The  values  for  the  water,  on  which  the  effect  of  ex- 
perimental e»  or  is  greatest,  are  too  inacciu-ate  to  be  of  much 
use,  but  the  ratio  of  FeO  to  SO,  is  suflRciently  accurate  to 
enable  one  to  decide  between  the  var '  '"s  possible  fomiulae 
given  by  the  direction  of  the  lines  in  th         mer  method. 

Explanation  of  Table. — ^The  seconc  cohtmn  gives  the 
receipts  by  which  the  mixtures  were  made  up.  For  the 
meaning  of  the  words  Residue,  Acid  and  Salt  see  foot-note 
to  Table  I.  Under  the  heading  "Ammonium  Ratio"  is  given  the 
ratio  of  (NH^),0  iji  the  wet  solid  to  that  in  the  solution,  per  gram. 

The  results  have  been  discussed  above  in  connection 
with  the  experiments  in  Table  I. 

Description  of  the  solid  phases. — ^The  substance  FeOSO, 
H,0  'consists  of  very  minute  uniformly  sited  granular  crys- 
tals about  0.00 1  mm  in  diameter.  It  is  stable  in  contact 
with  solutions  of  compositions  from  S0,2.i86H,0  to  SO, 
7-93H,0,  at  which  point  (in  Exp.  20)  the  heptahyJrate  was 
formed.  It  is  identical  with  the  compound  described  by 
Jeremin'  and  may  correspond  with  v.  Bonsdorf's  FeSO,HjSO, 
6H,0,  (A  mixture  of  FeOSO,H,0  with  52.5  percent  of 
solution  S0,6H,0  has  this  composition.) 

>  Ber.  dwm.  Ges.  Beilin,  ai,  R,  590  (t888). 
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The  substance  whose  composition  is  probably  sFeO.iSO, 
2H,0  consists  apparently  of  fragments  of  small,  extremely 
thin  hexagons  from  0.005  to  o.oi  mm  in  diameter.  Wet 
with  the  liquid  phase,  they  form  a  very  sticky  paste.  This 
paste  was  pure  white  in  most  cases,  but  in  some  of  the  earlier 
experiments  where  precautions  were  not  taken  to  exclude 
the  air,  it  had  a  distinct  greenish  tinge,  possibly  due  to  traces 
of  ferric  iron.  It  exists  in  contact  with  solutions  SO,i.637H,0 
(about)  to  SO,2.i86H,0.  It  is  probably  the  substance 
described  by  Jeremin'  as  "greenish  shining  crystals ..  very 
unstable,"  to  which  he  assigns  the  formula  FeS0^5H,SO,5H,0. 
This  may  well  be  so,  since  a  mixture  containing  the  com- 
pound with  71.3  percent  of  liquid  phase  (of  composition 
SO,2HjO)  has  the  composition  of  Jeremin's  substance,  and 
it  is  "unstable"  in  the  sense  that  a  very  slight  absorption 
of  water  from  the  atmosphere  would  cause  it  to  change  to 
the  granular  FeOSO,H,0. 

The  compound  Fe02S0,H,0  exists  with  solutions 
SO,i.342H,0  to  (about)  SO,i.595H,0.  It  consists  of  ir- 
regular groups  of  fine  crystals  of  about  0.005  mm  diameter, 
and  is  probably  the  "ferrous  anhydrosulphate"  of  Bolas 
(FeSjO,)  which  he  "dried"  over  concentrated  sulphuric  acid. 

The  compound  Fe04SO,3H,0  is  stable  with  solutions 
ranging  from  the  strongest  one  investigated,  SO,i.i22li,0, 
to  (about)  SO,i.342H,0.  The  crystals  are  fine  needles,  some 
of  the  largest  being  about  0.2  mm  long.  They  dissolve 
rapidly  in  water,  precipitating  the  FeOSO,HjO. 

The  solubility  of  all  the  compounds  in  the  liquid  phases 
(*.  e.,  the  amount  of  FeO  found  in  the  liquids)  is,  except  in 
the  cases  of  the  tetra  and  heptahydrates,  very  small.  There 
is  a  maximum  amount  of  iron  at  the  point  corresponding 
to  Exp.  9,  and  a  minimum  point  near  Exp.  17. 

Summary. — The  compositions  of  a  number  of  ferrous 
sulphates  and  their  range  of  existence  with  sulphuric  acid 
solutions  at  ordinary  temperatures  have  been  determined. 


■  Loc.  dt. 
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The  composition  of  the  solid  phase  was  obtained  by  a 
combination  of  two  methods  of  indirect  analysis,  each  of 
which  alone  was  insufficiently  accurate  for  the  purpose.  In 
the  first  method,  the  analyses  of  liquids  and  corresponding 
wet  solids  gave  the  values  of  a  and  6  in  a  number  of  equations 
to  straight  lines 

y  =  ax  +  b,  y  —  a'x  •\-  b',  etc., 

in  which  y  =  amount  of  FeO  and  x  =  amount  of  H,0  to 
I  SO,,  and  the  points  on  which  correspond  to  possible  com- 
positions of  the  solid  phase.  In  some  cases  the  values  of 
X  and  y  representing  the  composition  of  the  actual  solid, 
could  be  determined  from  the  cutting  point  of  these  lines; 
in  others  the  smallness  of  the  angles  made  this  impracticable. 
In  the  second  method,  each  analysis  of  liquid  and  correspond- 
ing wet  solid  gave  the  value  of  y  fairly  accurately,  although 
the  value  found  for  x  was  too  inaccurate  to  be  of  any  use. 
By  combining  the  two  methods  and  substituting  the  value 
of  y  given  by  the  second  method  in  any  of  the  equations  ob- 
tained by  the  first  the  value  of  x  could  be  determined. 
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